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SUPPLEMENTARY NOTES
ABSTRACT
Satellites are vital to our everyday life. Whether in support of transportation, commerce, emergency services, or communication, knowledge of where the satellite is located is essential to proper execution of these functions. The Joint Space Operating Center maintains a catalog of all earth satellites and distributes the locations via a fixed-format message called the "Two Line Element Set". Because of growth of the number of objects in the satellite catalog, it is expected that the fixed format will be insufficient to accommodate the satellite identifying number perhaps as soon as a few years from today. It is essential that Aerospace and our customer begin to plan and budget for needed software changes to accommodate a new, as yet undetermined format. Because of growth of the number of objects in the satellite catalog, it is expected that the fixed format will be insufficient to accommodate the satellite identifying number perhaps as soon as a few years from today. It is essential that Aerospace and our customer begin to plan and budget for needed software changes to accommodate a new, as-yet-undetermined format. Beginning with the launch of the first satellite in 1957, the U.S. Government began keeping a database of every manmade object in space (payloads, rocket bodies, and launch debris). Each object is assigned a unique sequential number. Both historical information such as launch site, country of origin and launch date as well as current satellite location information are keyed to this number. There are over 16,000 satellites now in orbit while many more than this have fallen back to the Earth. A total of over 38,000 objects have been cataloged.
SUBJECT TERMS
Satellite data is periodically updated by the Joint Space Operations Center (JSpOC) on what is called a "Two Line Element Set" (TLE). Using this data in the proper formulas allows us to predict when the satellite will be overhead and where to point our antenna to exchange data. TLEs are the primary format for distributing satellite location information world-wide for the U.S. government, civilians, and international agencies.
Satellites are vital to our everyday life. Whether transportation, commerce, emergency services, or communication -somewhere in the process each of these capabilities must use a two line element set to know where the satellite is in order to obtain needed data.
The TLE is a standardized format with data in assigned locations. Computers are programmed to expect data to be in the assigned field. The satellite number is a 5 digit field. 99,999 is the largest number that can be used. However, numbers larger than 70,000 are reserved for temporary processing such as new launches, uncorrelated tracks, and satellite breakup processing. There is some current consideration to also reserve the 60,000 series of numbers. So for planning purposes, we must assume that the 5 digit limit of numbers will be exhausted when the catalog numbering reaches 60,000.
But when will this occur? If we assume a growth rate of 4% per year, then the limit could be reached in about 10 years, whereas an 8% growth rate will reach the limit in 5 years. Between 2007 and 2009 the catalog growth rate was approximately 6% annually. Three debris producing events were responsible for this unusual growth. The Chinese tested an anti-satellite weapon and totally fragmented a defunct weather satellite, the Iridium communications satellite inadvertently collided with a no longer operational Russian Cosmos satellite, and the U.S. shot down a disabled satellite containing potentially dangerous fuel.
Although these were unusual events resulting in an unusual catalog growth rate, there are new more sensitive tracking sites scheduled to come on line which could produce a similar or even larger growth rate. The Space Surveillance Telescope will have much improved sensitivity and is expected to track and catalog numerous small objects that are now in orbit but are not able to be tracked. The Government is procuring an S-band surveillance radar system that is expected to increase the catalog to over 100,000 objects due to its increased ability to track small objects a few centimeters in size.
One idea for prolonging the availability of 5 digit numbers is to have the new tracking sites utilize a 9 digit numbering system for small pieces of debris while continuing to use the scarce 5 digit numbers for the non-debris objects. Thus, if you only deal with operational satellites, the current 5 digit format may be adequate until 2019 or beyond. However, if you are concerned with collision avoidance of your satellite with all known objects, then you will need to deal with 9-digit numbers as soon as they begin to be utilized for debris.
The Satellite Catalog Renumbering Working Group has been determining a path forward and is finalizing their report now. The earliest that a 9 digit element set could be produced is the beginning of FY15. Details of the format are unknown at this time. However, a change to the satellite ID data field to 9 digits will force a change to the entire record format. Therefore, it is expected that several other limitations in the current format such as a two digit year and limited precision in the data fields will be rectified as well.
Absent specific information, you should look at the tools and the data sources you use and see what will have to be modified if the format changes. Estimate the amount of code that will need to be modified as well as the cost and time required. Keep in mind that this is like Y2K in that every satellite related computer routine will need to be examined. You should be telling your customers about this as well. The bottom line is to start planning and budgeting for this for your program NOW. 
